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Abstract 
A space simulator provides a spacecraft with a specified environment during a thermal test of which a cold & black background is 
one of the important technical specifications. A shroud and nitrogen system used to simulate a cold & black environment with the 
effective space of 8500 mm × 9000 mm are studied in this article. In terms of the design of the shroud of the large space simulator, 
we should not only consider heat exchange and temperature uniformity, but also the feasibility of manufacture, transportation and 
installation. The cooling system adopts single-phase closed loop cycle. Based on the result of the test, it can be concluded that test 
data accord with the computational simulation result. The average temperature is 90 K and the temperature uniformity of the shroud 
meets the technical requirement. 
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1. Introduction 
To verify the thermal design of a spacecraft and the performance of the thermal control systems in-orbit, ground test 
must be conducted during the manufacturing of the spacecraft, which is accomplished in a space environment simulator. 
The function of a space environment simulator is to provide vacuum, cold & black, and an infrared environment.  
It is quite difficult and costly to simulate ultra-high vacuum and a 3 K conditions cryogenic temperature environment 
in the large space environment simulator. The error caused by the difference between simulating environment with a 
pressure of 1×10-3 Pa, a temperature of 100 K and space environment can be omitted in terms of normal thermal 
vacuum tests for spacecraft. The article puts emphasis on the design of the cold & black environment of the space 
environment simulator.  
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2. Cold & black environment design 
The effective space is defined by a diameter of 8500 mm and a length of 9000 mm. The shroud surface temperature 
is below 100 K. The heat load of the shroud is 100 kW. The function of gaseous nitrogen system is to rise the 
temperature of the shroud above ambient temperature. 
To realize a cold & black environment, it depends on the shroud and nitrogen system that provides sub-cooled liquid 
nitrogen. The inside surface of the shroud is coated with black paint with high emissivity to simulate a black 
environment. During thermal tests, liquid nitrogen in single phase flows through the shroud by convection. Since the 
shroud is installed in the vacuum chamber with a vacuum level lower than 1.3×10-3 Pa, the dominant heat transfer 
between the shroud and test specimen is by radiation. 
2.1. Shroud design  
The shroud shown in Fig. 1 is divided in five parts, which create an enclosed space. 
 
Fig. 1. Shroud schematic graph. 
Stainless steel pipe welded with copper fins is chosen as shroud structure, see Fig.2. The advantages of the structure 
are a high welding reliability of the stainless steel pipes as well as long life time. Moreover, the structure of the copper 
fins contributes to the heat conduction instead of the low heat conductivity of stainless steel pipes.    
 
 
Fig. 2. Shroud structure. 
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The inside surface of the shroud facing the test specimen is coated with black paint. The shroud consists of the door 
shroud, a cylindrical shroud, an auxiliary shroud, a rear shroud, and a removable shroud. Except for the cylindrical 
shroud, other parts of the shroud have respectively one set of feed through for pipelines for fluids. Adjustable valve are 
installed on the inlet of feed through pipeline, which can regulate the flow rate of each part of the shroud. Due to the 
large volume of the shroud, there are two sets of feed through pipelines. 
To make sure that the shroud achieves the required temperature uniformity, a convenient manufacture and 
installation, the cylindrical shroud is divided into two equal zones, which are symmetrical. Each zone has an individual 
nitrogen supply. Each zone has three parts, which are parallel. Each part has collecting pipes and parallel distributing 
pipes. After the sizes of the pipes are determined, the flux distribution among the three parts is not anymore adjustable. 
Computational numerical simulation on three parallel parts is conducted to check the temperature uniformity of the 
shroud. The simulation result on the preliminary design with same entrance sizes of each part are shown in Fig. 3. From 
Fig. 3, it can be seen that the three parts of the shroud have different flow rate and temperature uniformity. The average 
temperature is 91 K, and the maximum temperature difference is 8 K. Hence, optimization was made to reduce the inlet 
size of No. III part. Results after optimization are shown in Fig. 4.  
In Fig. 4, it can be seen that the flow rate and temperature distribution have become more even among the three parts 
of the shroud. The average temperature reduces to 90 K, and the maximum temperature difference decreases to 4 K.  
 
a       b  
Fig. 3. (a) The mass flow rate distribution of the different shroud pipes; (b) The highest temperature of the shroud versus different pipes. 
a    b  
Fig. 4. (a) The mass flow rate distribution of the different shroud pipes; (b) The highest temperature of the shroud versus different pipes. 
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2.2. Nitrogen system 
The nitrogen system consists of a liquid, a gaseous nitrogen system, and a liquid nitrogen storage system. The 
function of the LN2 subsystem is to provide sub-cooled liquid nitrogen for the shroud at the vacuum chamber to make 
sure that the temperature of the shroud is lower than 100 K and to bring the cold and black environment. When the test 
is finished, the “hot” GN2 is supplied to warm up the shroud to ambient temperature. The nitrogen system control 
interface is shown in Fig. 5. 
 
 
Fig. 5. Nitrogen system control interface. 
The LN2 subsystem adopts single-phase closed loop cycling, includingLN2 pumps, sub-cooler, valves, and 
pipelines. It relies on pump to supply pressure head to circulate sub-cooled LN2. LN2 closed loop cycling is always 
seen in large space simulators because of the merits of taking more heat load and more stable pressure. The schematic 
of the LN2 subsystem is shown in Fig. 6. In addition, change between single-phase closed loop cycling and open loop 
cycling can be realized by switching valves.   
 
Fig. 6. Schematic of the LN2 subsystem. 
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Based on the result of the shroud design, the required circulating flow rate of liquid nitrogen is 100 m3/h and the 
pressure loss of the entire system is around 0.25 MPa. Hence, three sets of CS190/9.0 centrifugal pumps are equipped 
with a rated flux of 54 m3/h, a differential head of 0.35 MPa and a power of 11 kW, one is for redundancy. The design 
heat load of sub-cooler is 150 kW. When entrance temperature is not higher than 86 K, the temperature difference 
between the entrance and the exit is more than 4 K.  
The gaseous nitrogen subsystem adopts closed loop cycling, including GN2 tank, water heating evaporator, water 
heat exchanger, GN2 screw compressor, refrigeration dryer, filter, valves, sensors and pipelines. When the thermal test 
finishes, GN2 is flooded into the shroud to rise its temperature to 0ć ~ 40ć. GN2 is pressurized and heated by the 
screw compressor with the gas displacement. Fig. 9(a) and Fig. 9(b) show graphs of the shroud temperature and the 
nitrogen flux, respectively, of 24 Nm3/min. The working principle of GN2 subsystem is shown in Fig. 7.  
 
 
Fig. 7. Working principle of the GN2 subsystem. 
The LN2 storage and evaporation subsystem including LN2 tank, evaporator, GN2 tank, valves, sensors, and 
pipelines is designed to store LN2 and produce pure GN2 for thermal tests, schematic all shown in Fig. 8. It has two 
sets of LN2 tanks with 30 m3, one set of GN2 with 30 m3, and a water heating evaporator with 300 m3/min.  
 
 
Fig. 8. Schematic of LN2 storage and evaporation subsystem (all tanks 30 m3) . 
3.   Test verification 
After installation completion of the space simulator, a commissioning test was conducted with the start of the 
chamber, vacuum pump system, the measurement and control system, the shroud, and the nitrogen system. Before start 
ing the thermal cycling, vacuum level maintains at 10-4 Pa and the shroud temperature stays at 90 K ±3 K all the time. 
The average flux of liquid nitrogen is 127 m3/h. The lowest temperature of liquid nitrogen reaches to 97 K. The inlet 
pressure is 0.23 MPa ̚ 0.26 MPa, whereas the outlet pressure is 0.4 MPa ̚ 0.45 MPa.  
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      a           b 
Fig. 9. Recording for about 80 hours (a) shroud temperature (scale -200 to 40 0C) ; (b) nitrogen flux (scale 0 to 240 m3/h) . 

a 
b    c  
Fig. 10. Photos after facility completion are shown as follows. 
It takes 6 hours to warm up the shroud from -120ć to 30ć by taking advantage of the nitrogen compressor. Two 
thermal cycles were completed in four days. 
4. Conclusion 
The large horizontal space simulator adopts individual installation of the shroud for the first time, achieves the 
optimization of piping network by computational simulation, and applies single-phase closed loop cycling to solve the 
difficulty in flux distribution uniformity. It can be seen that the average temperature of the shroud is 90 K and the 
temperature uniformity is ±3 K with heat load.  
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